
HAY,  1909. MONTHLY W E B  

Wilson, a. B. 
Air-conditioning. Heiug a short treatise OIL the humidiflcation, ven- 

tilation, cooling, and the hygiene of textile factories-especially 
with relation to those in the United States. New York. 1908. 
143p. 12.. 

Yurief, [Dorpat]. University. Meteoro logica l  observatory. 
Meteorologische Beol~achtungen 1906. Jurjev. 1907. 93 p. 4". 

RBlUBNT PAPERS BEIARING ON MEITEOROLOGY 
AND SEISMOLOGY.  

C. FITZIWCII TALMAN. Librarian. 

-~ 

The subjoined titles have been selected from the contents 
of the periodicals and serials recently received in the Library 
of the Weather Bureau. The titles selected are of papers or 
other communications bearing on meteorology or cognate 
branches of scienoe. This is not a complete index of the 
meteorological contents of all the journals from which it has 
been compiled; it shows only the articles that appear to the 
oompiler likely to be of particular interest in connection with 
the work of the Weather Bureau. Unsigned articles are indi- 

A.olericn,r geagmphiml society. Bulktiit. Nein Ibrk. 79. 41. 190.9. 
mted by a - 

W[ard], R. DeC. An interesting barometer. p. 38R. (June.) 
Hobbs, William Herbert. The Messina earthquake. 1'. 400- 

Abbot, CY. G., 6 Fowle, F. E , j r .  Improvements and new results 
in solar constant determinations. p. 281-289. 

Flinn, A l f r e d  D. Rainfall and runoff' on the Croton drainage area, 

Carter ,  Oscar 0. S. Enrthquakes in the light of the new seis- 

Seely, Leslie B. Home problems of forestry. p. 1-18. [July.) 

Amoli, W. 8. Guatamnla: travels and esperiences. p. 97-126. 

Lockyer, William J. 5. Cloud photographs from a ballooii. p. 

482. (July.) 
Aetmphpical joarwrcl. Chicago. v. 29. May, 1909. 

mt~&fq ne2(rLI. Ne10 h ~ k .  V. 61. JWLC I ; ,  1.909. 

New York water supply, 1908-9. 

mology. p. 434-472. (.June.) 

p. G50. 
Jownal of tlae Frunkliia iiistilrcte. Phibdelphia. ti. 1G7. 1/19. 

hdbeater geogmphicrtl sol-iety. Jouriiul. Mttnrliester. 1'. 24. lc3M. 

[Climate, p. 103-104.1 
Nature. London. v. AT,. 1909. 

310-311. IMav 13.1 
- The 1tdian"earthquake o f  December 2S, 1'308. p. 415. (June 111.) 

Pollock, J. A. The ions of the atmosphere. p. 919-928. (.June 11.) 
Seienoe. New York. v. 29. 1409. 

Scienee. New I-urk. 1'. .XI. 1:@3. 
Palmer, Andrew H. A remarkable aurora borealis. p. 57. (July 9.) 

Sewntifc Aineriean. New Elbrk. T. 10. July I;, 1909. 
- Wireless telegraphy and meteorology. (Extr. Cosmos. ) p. 41. 

&imtifie American sitppkment. New I'ork. u. 47. Jctiie 19, 1!+09. 
Wagner, A. The greatiist altitudes attained by unmanned sonnd- 

SmUieh geographicctl ningmine. Edinbargh. v. 25. Muy, 19119. 
parkin, George R. The railway developmmt or Canada. p. 2%- 

[Climate and the development of Canada. p. 24:l.l 
South Afrieaic philosophir*al society. Tramaclioiur. Cape Toion. a. IS. 

Sutton, J. R. Earth temperatures at lhiber ley.  p. 121-433. 
Spunls's ineteorobgiral magazine. London. v. $8. June, 1219. 
- Georg von Neumayer. p. 83-813. 

Annuaire mitlorologiqtle. Briixellea. 1903. 
- Blbliographie de la climatologie belge. 
- ClessiAcation decimale des matii-res m~ti.orologiques. 1'. 10-19. 
- Cornparaison d'eraporonihtres. p. 20-24. 
- Cornparaison de  pluriomltres. p. 35-30. 

R., F. de. TdCgraphie situs fll et m8t6orologie. 11. 144-141;. (113 

Vincent, J. Georges Neumayer. p. 201-202. 
Hellmann, G. L'aurore de l t ~  metborologie. p. 20Y-309. 11; juin.) 
L[agrange], E. Ph6nomhes sismiques dans le midi de la France. 

p. 251-a85. ( 1  juillet. I 

Hildebrandsson, H. Hildebrand. Sur la compensation entre les 
types de saison en certaines regions de In terre. p. 1559-1568. 
17 juin.1 

Bigourdan,  G. Sur guelques tremblenients de terre qui ont dev- 
astb In Proveuce e t  le Dauphini.. 

Angot, Alf red .  Sur le treniblement de terrc? dri 11 juin 190'3. 14 
juin. I 

Bayeux, Raoul. Influence d'un sGjour prolong6 h, une t r h  haute 
altitude s u r  la tenipCrature anirnale et la viscosite du sang. p. 
1691-1691. (21 juin.) 

ing balloons. p. 386. 

250. 

1w9. 

p. 7-9. 

Cisl el terre. Brnzellea. 30 ctnrrie. 1303. 

mai.) 

France. Acndimie de8 sciences. Comptea rendTm. Pnrie. Tonre I&?. 1909. 

p. 1568- 1570. (14 juin.) 

LTHER REVIEW. 181 

Jul-lien, -. Note sur  l'emplacement des localit& qui semblent 
avoir Bt-6 le plus souvent Bprouvees dans le tremblement de tern 
du 11 juin 1909. p. 1703-1704. 121 juin.) 

Joirisrnl de physique. Parin. 4 ser. Tonre S.  Mai 1909. 
Millochau, G. La temperature du solei1 e t  la constante solaire. 

p. 347-360. 
Nntiwe. Piwia. 37 annle. 19~3. 

Loisel, J. Les nuages. p. 406-408. (29 mai.) 
- Les sondagee de l'atmosph8re dans 1'Est-Afrlcain. p. 14 (suppl.) 
- Le tremblement de terre du Midi. p. 17 isuppl.). (19 juin.) 
Rudaux, Lucien. Les hautes rbgions de l'atmosphbre. p. 51-54. 

R., L. Les nuages e t  la distribution des v6gbtaux dans les PydnBes 

Durand-Grbvi l le ,  E. L'albe ou second crkpuscule du soir. p. 9- 

Durand-Grbvi l le ,  E. L'anbe e t  l'albe. Premier crhpuscule du 

Airirirlen rlw Hytlrogrnphie et maritimen Meteorologic. 37. Jahrg Juni 

- Beitrag ZUP atniosph&risclien Refraktion iiber Wasserflllchen. 

Kt)ppen, W. Drei Jahre gleichzeitiger meteorologischer Drachen- 
aufstieee bei Hamburg, Berlin und 8t. Petersburg. p. 3-12. 

Eckhardt, Wilh. R. ITuber das Iilimaproblem der geologlschen 
Vergangenheit uud historischen Gegenwart. p. 334-336. (10 Juni. I 
- Georges von Neumayer. p. 353-354. (17 Juni.) 

Illicatrierte crrronr~rttisclae Nitteiluiigen. Straaaburg. 13. Jahrgang. 5. Mai 
1309. 

Polis, P[eter]. Die Pilotballonstation des meteorologischen ob- 
fiervatorlums zu Aachen. p. 365-367. 

Aletcorologieche Zeilerhrif. Brcmnechwcig. Band 96. Mai 1909. 
Trabert, W. Dr. Joseph Maria Pernter. p. 193-198. 
Ktlppen, W. Vorschiag alle Luftdruckmessungen in allgemeinem 

Czermak, P. Zur Rolkenform des aufsteigenden Luftstromes. 

Kbppen, W. Dr. Adolf Sprung. Nachruf. p. 215-216. 
Ficker, Heins von. Die dustrocknung Turkestans. p. 216-217. 
- Resultate der meteorologischen Beobachtungen zii Loanda. p. 

__  Resultate der ineteorologischen Beobachtungen zu 8. Vicente de 

Schmauss, A. Die obere Inversion. p. 241-268. 
Kremser, V. Ergebnisse vieljtihriger Windregistrierungen in Ber- 

lin. p. 259-265. 
-- Eiti meteorologisches Observatorlum auf dem Plc von Teneriff8. 

p. 267. 
-L. 'Ceisserenc de Bort : Die Gesetxe der vertikalen Temperatur- 

verteilung unter vrrschiedenen Brelten und be1 verschiedenen 
niet~orologischen VerhLltnissen. p. 367-270. 

S c h u b e r t ,  J. Der Niederschlag in der Annaburger Heide 1901 bis 
1906. p. 210-272. 

Wegener, Kurt. Bemerkungen zu der dbhandlung 6 1  Zur Entste- 
hung tier (:raupeln" von Dr. E. Barkow. 

Fr iesenhof ,  Gregor. Der Einfluss der Schneedecke sui die Boden- 
temperatur. p. 273-375. 

Hann, J[ulius]. Iilinia am unteren Zambesi. p. 277-280. 
- Resultate der rneteorologischen Beobachtungen in den Jahren 

1904 bis 19116 zu Iiayes [Franz. Sudan). 
Hann, Jrulius]. Resultate der meteorologischen Beobachtungen 

zu TiiilbUktlI im Jahre 1906. 
Petr~riiranna iUittpilusgen. G o t h .  55. Band. IcW9. 

Woeikow, A[lexander ] .  Der Aralsee und sein Gehiet nach den 

Fitener, Rud. Die R~genverhiiltnisfie des Togogehlets. p. 93-94. 
Mecking ,  Ludwig. Zurn antarktlschen Klirna. p. 113-116. 

Gockel, A. Uber den Ursprung der Gewitterelektrizitiit. p. 396- 

(26 juin.) 

centrales. p. 29 (euppl.). (26 juin.) 

26. Ijan. j 

niatin e t  second cr4puscule du eoir. p. 163-173. (avril.) 

1909. 

p. 306-324. 

S o d t i  belye d'aetrowmie. Bulletin. Brzrzelles. 1.4 annb. Jan. 1909. 

Archil? clpr deiit8ckn Secwarte. Hamburg. $1. Jnhrg. 1WS. 

GlObIi8. Berliai. Bd. 95. Juni 1309. 

Braitmass Hnzugeben. p. 198-201. 

P. *' -1 0-81'3. 

230. 

Cabo Verde. p. 238. 
Mckorologincha Zeitnrlirift. Brcr unsrhzceig. Band W. Juni 1909. 

p. 273-275. 

p. 275. 

p. 2Sl-282. 

iieuesten Forsahuugen. p. 82-86. 

Phyaikdrsche Zeit~chrifl .  Leipzig. 10. Jahrg. 15. Juni 1909. 

3118. 
Wellall. Berlin. 3. Jahrgang. 1. Mai 1309. 

B r e u ,  Qeorg. Haben die Oberhayerischen Seen auf die Hagelbild- 
ung und Hagrlverteilung einen Einfluss? p. 321-229. 

Wetter. Berlin. %. Jnhrgaiig. Mai 1909. 
' Rudel, --. GewitterhBufigkeit zu Niirnberg 1879 bis 1908. p. 104- 

N i t w r  Luftar-Ri~er-Zeittmg. W k .  S.  Jahrgang. 16. Juni 190.9. 

Nuoro ciiwnto. Pisu. w r .  6 .  v. 17. Marm 1909. 

11)7. 

Fonvielle, W i l f r e d  de. Meteorologie im Ballon. p. 195-196. 

Bellia, 0. I1 potentiale elettrico dell'atmosfera sull'Etna. p. 174- 
178. 

25-2 



iaa MONTHLY WEdTHER REVIEW. 

Reale aeeademia OX finrei. Attb. Romn. v. IS. 
Alessandri, C., & Eredia, F. Andamento diurno della temyera- 

tura dell'aria alla Cappanna Margherite e ad Alagna. p. 601-605. 
Sodtit  spett*ocleopSeti ltalaana. Memorie. Catania. v. 3s. 1909. 

Bellia, 0. Mopra il calcolo dells costante solare. p. 94-104. 

METHODS AND APPaRaTuS FOR THE STUDY OF 
EVAPORATION. 

[Continued front the nionthay Weallrer Reriew, April, 1319.1 
11.-INSTRUMENTS. 

The instruments described in the following pages were de- 
vised to meet the needs of the campaign of work upon the 
evaporation of water from lakes and reservoirs, which has re- 
cently been undertaken by the Weather Bureau. 

Although some of the devices were made up fully two years 
ago, yet they have only recently been employed in actual ob- 
servations, and the object of the present paper is to bring the 
new instruments .to the attention of those who may wish to 
use apparatus of this character. 

We mentioned in the first sectionlo of this paper that our 
present studies are confined essentially to the phenomena of 
evaporation from free water surfaces, and the apparatus, there- 
fore, is designed more especially for the measurement of evap- 
oration of water from pans. 

By C. F. MARVIN, Profesaor of Meteorology. Dated June 21. 1309. 

GENERAL METHODS OF MEASUREMENT. 

No method is known by which we can directly measure the 
water evaporated from an extended surface of water, soil, ice, 
snow, etc., as they ordinarily occur in nature. All we can do 
is to isolate, for example, a pan of this water, soil, snow, or 
ice and ascertain how much it loses by evaporation from day 
to day or hour to hour. Two general methods are available, 
viz : 

(1) The weighing method. 
(2) The volumetric method. 
All existing apparatus for measuring evaporation, with 

scarcely an exception, belong in one or the other of these 
classes. I f  a psychrometer, for example, is regarded as an 
evaporometer then we need to inake a separate class. 

The IVeiyl&iq Method. 
The weighing method when available is probably the most 

exact of any, and perhaps it alone can be employed in the 
measurement of evaporation from ice, snow, damp soils, grow- 
ing vegetation, etc. This method, nevertheless, is subject to 
sharp limitations that often make it wholly unavailable. In 
many cases it is of great importance that the isolated u a s s  of 
material be relatively very great as compared with the loss by 
evaporation in the interval between observations. To weigh 
the loss under such conditions will generally require costly 
balauces operating under conditions that entail special cliffi- 
culties, or may be wholly incompatible with the general pos- 
sibilities of the situation. The weighing method is, therefore, 
generally unavailable in all extensive field observations. 

The Volunietric Jhthod. 
The volumetric method resolves itself nearly always simply 

into the measurement of the depth of water remaining in the 
evaporating pan or other container. Important errors affect 
this method and must be carefully mcounted for. Among 
these may be mentioned: 

(a) The formation of waves and ripples on the water, ren- 
dering it difficult to define and measure the mean level of the 
surface. 

(h) The wind may drive the water from the lee to the wind- 
ward side of the pan, causing false readings of changes in 
level. 

(c) If not very solidly supported small tiltings and mechau- 
ical alterations in the position of a pan may be caused every 
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time an observer approaches it to make a reading. Serious 
errors may be made in the measurements by such causes. 

((1) Pans of considerable size floating in the water, and 
other pans to a lesser degree, may sometimes undergo suoh 
mechanical deformations or volumetric a1 terations as to pro- 
duce changes in the level of the water-surface that do not 
correspond to real evaporation. 

All possible causes of error such as those we have mentioned 
must of course be very carefully eliminated. Even in those 
regions where evaporation is very active it must nevertheleas 
be measured in units of hundredths or even thousandths of 
inches. and trained scientists are well aware that measure- 
ments of this order of exactness cannot be carried forward 
from day to day except by the aid of apparatus whose essen- 
tial parts retain the most definite and invariable relations. 

Evaporation paris.-Probably the most suitable apparatus for 
the study of evaporation from an extended water surface con- 
sists of a large pan of water provided with means by which 
the loss of water can be iiieasured or automatically recorded. 
Experience has shown that the size of the pan and the dis- 
tance of the water below the rim will make very little differ- 
ence within reasonable limits of variation. This does not mean 
that the actual evaporation in a 2-foot pan, 6 inches deep, will 
be the same as from a 10-foot pan, 6 feet deep, for example. 
The temperature of the water in the two pans would doubt- 
less prove to be very different; but when this and other dif- 
ferences have been fully taken into account the evaporation 
will generally be found to be quite the same. 

The sheltering effect of the rim of the pan is always impor- 
tant and to minimize this pans of large diameter-4 feet or 
more-should be used as far as possible. In general the wa- 
ter surface may be kept within 2 inches, or even less, of the 
rim of the pan. A greater depth may be necessary if water is 
likely to be splashed out by strong winds. So, likewise, in 
regions subject to heavy rainfall the height of the rim must 
Le great enough to prevent the overflow of the pan by heavy 
rains. Circular pans about 4 feet in diameter and 10 inches 
deep. iuade of galvanized sheet iron, constitute a good work- 
ing size. 

Rni~-&Itt?red pam-When rainfall occurs frequently and in 
considerable amounts it is practically impossible to accurately 
determine the evaporation i f  the rain is permitted to fall into 
the evaporation pan. In the writer's opinion the only plan to 
follow is to roof over the evaporation pan so that no rain can 
fall into the apparatus. This roof must not obstruct the per- 
fectly free action of the wind underneath. A pan so esposed 
will of courae show B different march of temperature condi- 
tions, but the evaporation equation which will ultimately be 
developed will take account of this and there are many great 
advantages in the use of rain-sheltered pans. This plan has 
been recently put in operation by F. De Willson on the Pan- 
ama Canal Zone. Evaporation often goes on continuously 
during showers, as the air is not then necessarily saturated. 

pnnn.-To avoid and minimize the errors due to 
change of position and deformation, mentioned above under 
( 1 1 )  and ( ( I ) ,  the customary galvanized sheet iron pans must be 
betlclecl as perfectly and evenly as possible on rigid supports, 
and when floated in the water the pans must be trussed and 
ribbed, or otherwise reenforced, so that deformations do not 
result from the gentle wave motions of the water. 

The still-ud.--We now come to the details of the actual 
measurement of the water that passes out of one of our evapo- 
ration pans. These measurements aim to locate accurately the 
level of the water surface at each observation, so that the 
lowering of the surface represents the loss of water by evapor- 
ation. Any exposed water surface is almost always disturbed 
by large or small wavelets so that some artifice must be re- 
sorted to that will suppress the wave motion and realize the 
equivalent level the water would assume if stationary. We 
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